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DESCRIPTION 
BARREL SHIFT DEVICE 

5 TECHNICAL FIELD 

[0001] The present invention relates to a barrel shift device which performs right and left 
shift processes with respect to multi-bit data in a digital signal process. 

BACKGROUND ART 

1 0 [0002] Conventional barrel shift devices are composed of a multistage selector. On the 
other hand, for the purpose of improving a throughput in a signal process, there is a need 
for a barrel shift device which is divided into pipeline registers and in which a shift process 
is executed in a multistage process stage. 

[0003] For example, Patent Document 1 discloses a conventional barrel shift device 
1 5 having a multistage selector configuration. The barrel shift device of Patent Document 1 
has a structure in which shift circuits composed of a selector which selects, based on a 
control signal, whether or not a shift is performed are combined in stages. For example, 
in order to achieve an arbitrary shift ranging from a 15 -bit left shift to a 16-bit right shift, 
shift circuits having 1-bit, 2-bit, 4-bit, and 8-bit left-shift functions, and a shift circuit 
20 having a 16-bit right-shift function are combined in stages. In this case, a 5-bit right shift 
is achieved by activating the 1-bit left-shift circuit, the 2-bit left-shift circuit, the 8-bit left- 
shift circuit, and the 16-bit right-shift circuit. 

[0004] Hereinafter, a configuration and its operation when a pipeline structure is 
introduced into the barrel shift device of Patent Document 1 will be described in detail 
25 with reference to FIG. 10. 

[0005] FIG. 10 is a schematic diagram illustrating the barrel shift device of Patent 
Document 1 with a pipeline structure introduced thereinto. A first shift circuit 10 
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performs a shift process with respect to input data based on a first control signal, and 
outputs the resultant data as intermediate data 30. Here, the first shift circuit 10 is 
composed of a 1-bit left-shift circuit 11, a 2-bit left-shift circuit 12, and a 4-bit left-shift 
circuit 13 to achieve an arbitrary shift ranging from a 7-bit left shift to a 0-bit shift. 
5 [0006] An intermediate data holding circuit 30 holds and outputs the intermediate data 
which is an output of the first shift circuit 10 to a second shift circuit next thereto. 
[0007] A control signal holding circuit 40 holds and outputs a second control signal. 
[0008] The second shift circuit 50 performs a shift process with respect to the intermediate 
data based on the second control signal output by the control signal holding circuit 40, and 
1 0 outputs the result as output data. Here, the second shift circuit 50 is composed of an 8-bit 
left-shift circuit 51 and a 16-bit right-shift circuit 52. By combining the shift processes of 
the first and second shift circuits, an arbitrary shift ranging from a 15-bit left shift to a 16- 
bit right shift is achieved with respect to input data. 

Patent Document 1: Japanese Patent Unexamined Publication No. 2000-293354 (page 7, 
15 figure 1) 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] However, in the technology of dividing a conventional barrel shift device into 
20 pipeline registers, the bit width of data is increased every time the data is passed through 

each shift circuit constituting the first shift circuit, resulting in a large bit width of the 

intermediate data output by the first shift circuit. Therefore, the packaging scale of the 

intermediate data holding circuit increases, resulting in an increase in power consumption. 

[0010] The present invention is provided to solve the above-described conventional 
25 problems. An object of the present invention is to suppress an increase in power due to a 

pipeline structure by controlling the data storing operation of the intermediate data holding 

circuit. 
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DISCLOSURE OF THE INVENTION 

[0011] To achieve the above-described object, in a barrel shift device of the present 
invention, an operation of storing the whole or a part of unnecessary data elements other 
5 than data elements to be output as final output data, among intermediate data held in the 
intermediate data holding circuit, is suppressed. 

[0012] A barrel shift device of the present invention for receiving input data having a 
predetermined bit width, shifting the input data to the right or left by a total shift amount 
obtained by combining a first shift amount and a second shift amount, and outputting the 

1 0 resultant data as output data after a desired shift, comprises a first shift section of receiving 
the input data, shifting the input data based on a first control signal for controlling the first 
shift amount, and outputting the resultant data as intermediate data, an intermediate data 
holding section for holding the intermediate data from the first shift section, a control 
signal holding section of holding and outputting a second control signal for controlling the 

1 5 second shift amount, a second shift section of receiving the intermediate data held in the 
intermediate data holding section, shifting the received intermediate data based on the 
second control signal output from the control signal . holding section, and outputting the 
resultant data as the output data after the desired shift, and a decoding section of receiving 
the second control signal, and based on the second control signal, detecting digit positions 

20 in the intermediate data of data elements excluding the whole or a part of data elements 
other than data elements to be output as the output data after the desired shift from the 
second shift section, among all data elements constituting the intermediate data from the 
first shift section. The intermediate data holding section newly holds data elements at 
digit positions including at least the data elements to be output as the output data after the 

25 desired shift from the second shift section, excluding the whole or a part of data elements 
other than the data elements to be output as the output data after the desired shift from the 
second shift section, among the intermediate data, based on the digit positions detected by 
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the decoding section. 

[0013] In the barrel shift device of the present invention, based on all information 
indicated by the second control signal, the decoding section detects digit positions in the 
intermediate data of only the data elements to be output as the output data after the desired 
5 shift from the second shift section, among all the data elements constituting the 
intermediate data from the first shift section. 

[0014] In the barrel shift device of the present invention, based on a part of 
information indicated by the second control signal, the decoding section detects digit 
positions in the intermediate data of data elements excluding a part of data elements other 
10 than the data elements to be output as the output data after the desired shift from the 
second shift section, among all the data elements constituting the intermediate data from 
the first shift section. 

[0015] In the barrel shift device of the present invention, the second control signal is a 
control signal including a multi-bit signal, and based on a predetermined 1 -bit signal of the 

15 second control signal, the intermediate data holding section holds and outputs data 
elements at digit positions excluding a part of data elements other than the data elements to 
be output as the output data after the desired shift from the second shift section, among all 
the data elements constituting the intermediate data from the first shift section. 
[0016] A barrel shift device of the present invention for receiving input data having a 

20 predetermined bit width, shifting the input data to the right or left by a total shift amount 
obtained by combining a first shift amount and a second shift amount, and outputting the 
resultant data as output data after a desired shift, comprises a first shift section of receiving 
the input data, shifting the input data based on a first control signal for controlling the first 
shift amount, and outputting the resultant data as intermediate data, an intermediate data 

25 holding section for holding the intermediate data from the first shift section, a control 
signal holding section of holding and outputting a second control signal for controlling the 
second shift amount, a second shift section of receiving the intermediate data held in the 



5 

intermediate data holding section, shifting the received intermediate data based on the 
second control signal output from the control signal holding section, and outputting the 
resultant data as the output data after the desired shift, and a decoding section of receiving 
the first control signal, and based on the first control signal, detecting digit positions of 
5 data elements in the input data, among all data elements constituting the intermediate data 
from the first shift section. The intermediate data holding section newly holds data 
elements at digit positions including at least the data elements included in the input data, 
among all the data elements constituting the intermediate data, based on the digit positions 
detected by the decoding section. 

10 [0017] In the barrel shift device of the present invention, based on all information 
indicated by the first control signal, the decoding section detects digit positions in the 
intermediate data of only the data elements included in the input data, among all the data 
elements constituting the intermediate data from the first shift section. 
[0018] In the barrel shift device of the present invention, based on a part of 

15 information indicated by the first control signal, the decoding section detects digit 
positions in the intermediate data of data elements excluding a part of data elements other 
than the data elements included in the input data, among all the data elements constituting 
the intermediate data from the first shift section. 

[0019] In the barrel shift device of the present invention, the first control signal is a 
20 control signal including a multi-bit signal, and based on a predetermined 1 -bit signal of the 
first control signal, the intermediate data holding section holds and outputs data elements at 
digit positions excluding a part of data elements other than the data elements included in 
the input data after shift process by first shift section, among all the data elements 
constituting the intermediate data from the first shift section. 
25 [0020] According to the present invention, the second control signal for controlling a 
shift amount to be applied in the second shift section is decoded using the decoding section, 
thereby detecting digit positions of data elements to be output as output data from 
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intermediate data, and the intermediate data holding section operates to hold at least 
intermediate data elements at the digit positions. Therefore, unnecessary data elements 
which are not to be output as final data are not stored in the intermediate data holding 
section, and previously held data elements continue to be held, thereby making it possible 
5 to reduce power consumption by a corresponding amount. 

[0021] According to the present invention, the first control signal for controlling a 
shift amount to be applied in the first shift section is decoded using the decoding section, 
thereby detecting at least digit positions of data elements included in input data among all 
data elements constituting intermediate data, and the intermediate data holding section 
1 0 operates to hold at least intermediate data elements of the digit positions. Therefore, data 
elements other than the data elements of the input data are not stored in the intermediate 
data holding section, and previously held data elements continue to be held, thereby 
making it possible to reduce power consumption by a corresponding amount. 

1 5 EFFECT OF THE INVENTION 

[0022] As described above, according to the barrel shift device of the present 
invention, information about a shift amount to be applied in the second shift section 
between the intermediate data holding section inserted in accordance with a pipeline 
structure and outputting of data, is used as a control signal to suppress an operation of 

20 holding data elements which are not finally output in the intermediate data holding section. 
As a result, it is possible to reduce power consumption. 

[0023] According to the barrel shift device of the present invention, information about 
a shift amount to be applied in the first shift section between inputting of data and the 
intermediate data holding section inserted in accordance with a pipeline structure, is used 
25 as a control signal to suppress an operation of storing and holding unnecessary data 
elements in the intermediate data holding section. As a result, it is possible to reduce 
power consumption. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] [FIG. 1] FIG. 1 is a schematic diagram illustrating a barrel shift device of a first 
embodiment of the present invention. 
5 [FIG. 2] FIG. 2 is a diagram for explaining an operation of an 11 -bit right-shift 

process of the first embodiment of the present invention. 

[FIG. 3] FIG. 3 is a diagram for explaining an operation of an intermediate data 
holding circuit of the first embodiment of the present invention. 

[FIG. 4] FIG. 4 is a diagram for explaining an operation of the intermediate data 
1 0 holding circuit of the first embodiment of the present invention. 

[FIG. 5] FIG. 5 is a schematic diagram illustrating a barrel shift device of a second 
embodiment of the present invention. 

[FIG. 6] FIG. 6 is a diagram for explaining an operation of an 11 -bit right-shift 
process of the second embodiment of the present invention. 
1 5 [FIG. 7] FIG. 7 is a diagram for explaining an operation of an intermediate data 

holding circuit of the second embodiment of the present invention. 

[FIG. 8] FIG. 8 is a diagram for explaining an operation of the intermediate data 
holding circuit of the second embodiment of the present invention. 

[FIG. 9] FIG. 9 is a diagram for explaining an operation of the intermediate data 
20 holding circuit of the second embodiment of the present invention. 

[FIG. 10] FIG. 10 is a schematic diagram illustrating a configuration of 
conventional technology. 

DESCRIPTION OF THE CHARACTERS 
25 [0025] 10 first shift circuit (first shift section) 

11 1-bit left-shift circuit 

1 2 2-bit left-shift circuit 
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13 4-bit left-shift circuit 

20, 60 decoding circuit (decoding section) 

30 intermediate data holding circuit (intermediate data holding section) 
40 control signal holding circuit (control signal holding section) 

50 second shift circuit (second shift section) 

51 8-bit left-shift circuit 

52 1 6-bit right-shift circuit 
CI [2:0] first control signal 

C 1 [0] 1 -bit data of first control signal 

(predetermined 1-bit signal) 
C2[l :0] second control signal 
C2[0] 1-bit data of second control signal 

(predetermined 1-bit signal) 
Hi active state of signal 

Lo passive state of signal 

0 output of value 0 

S output of sign extension 

H output of held data 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0026] Hereinafter, embodiments of the present invention will be described with 
reference to the accompanying drawings. 
[0027] (First embodiment) 

FIG. 1 is a schematic diagram illustrating a barrel shift device of a first 
embodiment. 

[0028] As illustrated in FIG. 1, the barrel shift device of this embodiment is divided 
into pipeline registers, and a shift process is performed in a multistage process stage. 
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[0029] Here, a configuration of the barrel shift device of this embodiment will be 
described with reference to FIG. 1. Note that, in this embodiment, for the sake of 
simplicity, the barrel shift device is assumed to be capable of an arbitrary arithmetic shift 
ranging from 15 bits to the left to 16 bits to the right with respect to 16-bit data (input data 
5 having a predetermined bit width). 

[0030] In FIG. 1, 10 indicates a first shift circuit which performs a shift process with 
respect to input data based on a first control signal composed of 3 -bit data, and outputs 
intermediate data to the intermediate data holding circuit 30. The first shift circuit 10 is 
composed of three shift circuits, i.e., a 1-bit left-shift circuit 11, a 2-bit left-shift circuit 12, 

10 and a 4-bit left-shift circuit 13. The three shift circuits 11, 12, and 13 receive respective 
corresponding bit data in the first control signal. Specifically, shift processes of the three 
shift circuits 11, 12, and 13 are combined in accordance with a combination of the pieces 
of bit data of the first control signal to achieve an arbitrary shift amount (first shift amount) 
from a 7-bit left shift to a 0-bit shift. 

15 [0031] 50 indicates a second shift circuit which receives the intermediate data output 
by the intermediate data holding circuit 30, performs a predetermined shift process, 
following the shift process of the first shift circuit 10, to complete a desired shift as a 
whole, and outputs output data. As illustrated in FIG. 1, the second shift circuit 50 is 
composed of an 8-bit left-shift circuit 51 and a 16-bit right-shift circuit 52. Although the 

20 second shift circuit 50 performs a shift (shift with a second shift amount) process by 
control of a second control signal externally input as in the first shift circuit 10, the second 
control signal is not input directly to the second shift circuit 50. The second control 
signal is input to a decoding circuit 20, and is also input to the second shift circuit 50 via a 
control signal holding circuit 40 which temporarily holds the second control signal. The 

25 second control signal which has been input via the control signal holding circuit 40 to the 
second shift circuit 50 is divided into two, which are respectively input to the two shift 
circuits 51 and 52 of the second shift circuit 50. Following the shift process by the first 
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shift circuit 10, a shift process is performed by a combination of the shift processes of the 
two shift circuits 51 and 52 to complete an arbitrary shift ranging from a 15 -bit left shift to 
a 16-bit right shift of the input data, i.e., a desired shift. 

[0032] On the other hand, the decoding circuit 20 which has received the second 
5 control signal detects, based on the second control signal, digit positions in the 
intermediate data holding circuit 30 of data elements of output data to be output as a result 
of a shift process by the second shift circuit 50, among data elements of the intermediate 
data, and outputs a result of the detection to the intermediate data holding circuit 30. 
Using the detection result of the decoding circuit 20, the intermediate data holding circuit 

1 0 30 holds, as output data, only data elements at digit positions to be output from the second 
shift circuit 50, or data elements which include the data elements at the output digit 
positions and exclude a portion of unnecessary data which is not included in the output 
data. By such a function of the decoding circuit 20, the intermediate data holding circuit 
30 can eliminate an unnecessary storage operation corresponding to unnecessary data 

1 5 elements which are not output as data elements of output data and do not need to be held, 
thereby making it possible to reduce power consumption. 

[0033] Next, a specific shift process operation of the barrel shift device of this 
embodiment will be described with reference to FIG. 2. Here, as a specific exemplary 
shift process, the case where an 11 -bit right-shift process is performed will be described. 

20 In FIG. 2, "0" indicates a value 0, "S" indicates sign extension, and "H" indicates held data. 
[0034] A first control signal CI [2:0] of FIG. 2 is 3-bit data which is composed of three 
pieces of 1-bit data C1[0], Cl[l], and CI [2]. The 1-bit left-shift circuit 11, the 2-bit left- 
shift circuit 12, and the 4-bit left-shift circuit 13 constituting the first shift circuit 10 are 
controlled using the bit data CI [0], CI [1], and CI [2] of the first control signal, respectively. 

25 In the 11 -bit right- shift process, the 1-bit data C1[0] and CI [2] of the first control signal 
are in an active state "Hi" and the 1-bit data Cl[l] of the first control signal is in a passive 
state "Lo". The input data input to the first shift circuit 10 is shifted based on the first 
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control signal CI [2:0]. 

[0035] Initially, a 1-bit left shift process is performed in the 1-bit left-shift circuit 11, 
zeroth bit data is buried with a value 0, and the resultant data is output as 17-bit width data. 
Next, in the 2-bit left-shift process circuit 12, the data is not shifted, the data is sign- 
5 extended with 17th bit data and 18th bit data, and the resultant data is output as 19-bit 
width data. Further, in the 4-bit left-shift circuit 13, the data is shifted 4 bits to the left, 
the zeroth bit data, the first bit data, the second bit data, and the third bit data are buried 
with a value 0, and the resultant data is output as 23 -bit width data (intermediate data) to 
the intermediate data holding circuit 30. 

10 [0036] A second control signal C2[l:0] is 2-bit data which is composed of 1-bit data 
C2[0] and C2[l]. The 8-bit left-shift circuit 51 and the 16-bit right-shift circuit 52 
constituting the second shift circuit 50 are controlled with the bit data C2[0] and C2[l] of 
the second control signal, respectively. The decoding circuit 20 detects digit positions of 
the intermediate data to what each data element of output data to be output after a shift 

1 5 process in the second shift circuit 50 is output, based on the second control signal C2[l :0], 
and outputs a result of the detection to the intermediate data holding circuit 30. The digit 
position detecting operation will be specifically described. For example, in the 11 -bit 
right-shift process, the bit data C2[l] of the second control signal is in the active state "Hi", 
and the bit data C2[0] of the second control signal is in the passive state "Lo", so that, in 

20 the second shift circuit 50, a 16-bit right-shift process is performed, and therefore, it is 
known that data elements at the digit positions of the 1 6th to 22nd bits of the intermediate 
data are to be output as data elements of output data. Therefore, based on the result of the 
digit position detection by the decoding circuit 20, the intermediate data holding circuit 30 
newly stores and holds the data elements at the digit positions of the 1 6th to 22nd bits of 

25 the intermediate data and continues to hold previously held data elements as data elements 
at the digit positions of the zeroth to 15th bits other than the detected digit positions. 
[0037] The control signal holding circuit 40 holds and outputs the second control 
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signal C2[l:0] to the second shift circuit 50. The 8-bit left-shift circuit 51 and the 16-bit 
right-shift circuit 52 constituting the second shift circuit 50 are controlled using the bit data 
C2[0] and C2[l] of the second control signal which have been held and output by the 
control signal holding circuit 40, respectively. Hereinafter, for the sake of simplicity, a 
5 signal after being held by the control signal holding circuit 40 is also represented by a 
second control signal C2[l:0]. In the 1 1-bit right-shift process, the bit data C2[l] of the 
second control signal is in the active state "Hi", and the bit data C2[0] of the second 
control signal is in the passive state "Lo". The output of the intermediate data holding 
circuit 30 input to the second shift circuit 50 is subjected to a shift process based on the 

1 0 second control si gnal C2 [ 1 : 0] . 

[0038] Initially, in the 8-bit left- shift process circuit 51, the data is not shifted, the data 
is sign-extended with the digit positions of 23rd to 30th bits, and the resultant data is 
output as 3 1-bit width data. Next, in the 16-bit right-shift circuit 52, the data is shifted 16 
bits to the right, the data is sign-extended with the digit positions of a 15th bit, and the 

1 5 resultant data is output as 1 6-bit width data. 

[0039] FIG. 3 is a diagram for explaining an operation of the intermediate data holding 
circuit 30. The intermediate data holding circuit 30 is operated as described below, 
depending on the state of the second control signal C2[l:0], based on the output of the 
decoding circuit 20. 

20 [0040] When both the bit data C2[0] and C2[l] of the second control signal are in the 
passive state "Lo", the data elements at the digit positions of the zeroth to 1 5th bits of the 
intermediate data are output without a change as 1 6-bit output data. Therefore, the data 
elements at the digit positions of the zeroth to 1 5th bits of the intermediate data are stored 
and held in the intermediate data holding circuit 30. 

25 [0041] When the bit data C2[0] of the second control signal is in the active state "Hi", 
and the bit data C2[l] of the second control signal is in the passive state "Lo", an 8-bit left 
shift is performed in the 8-bit left-shift process circuit 51, and a shift process is not 



13 

performed (i.e., no change is made) in the 16-bit right-shift process circuit 52, i.e., an 8-bit 
left shift is performed in the second shift circuit 50. Thus, the 8-bit left shift is performed 
in the intermediate data, so that the data elements at the digit positions of the zeroth to 
seventh bits remaining in the 16-bit width of the output data are stored and held in the 
5 intermediate data holding circuit 30. 

[0042] When the bit data C2[l] of the second control signal is in the active state "Hi" 
and the bit data C2[0] of the second control signal is in the passive state "Lo", a shift 
process is not performed (i.e., no change is made) in the 8-bit left-shift process circuit 51, 
and a 16-bit right-shift process is performed in the 16-bit right-shift process circuit 52, i.e., 
10 a 16-bit right-shift process is performed in the second shift circuit 50. Thus, the 16-bit 
right-shift is performed in the intermediate data, so that the data elements at the digit 
positions of the 1 6th to 22nd bits remaining in the 1 6-bit width of the output data are stored 
and held in the intermediate data holding circuit 30. 

[0043] When both the bit data C2[0] and C2[l] of the second control signal are in the 
15 active state "Hi", an 8-bit left shift is performed in the 8-bit left-shift process circuit 51, 
and a 16-bit right-shift process is performed in the 16-bit right-shift process circuit 52, i.e., 
an 8-bit right-shift process is performed in the second shift process circuit 50. Thus, the 
8-bit right-shift is performed in the intermediate data, so that the data elements at the digit 
positions of the eighth to 22nd bits remaining in the 16-bit width of the output data are 
20 stored and held in the intermediate data holding circuit 30. 

[0044] Thus, among all the data elements constituting the intermediate data, only data 
elements which are to be output data are stored and held in the intermediate data holding 
circuit 30. 

[0045] FIG. 4 is a diagram for explaining an operation of the intermediate data holding 
25 circuit 30. The decoding circuit 20 may decode a portion of the second control signal 
C2[l:0]. Here, the bit data (predetermined 1-bit data) C2[l] of the second control signal 
is output without a change to the intermediate data holding circuit 30. The intermediate 
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data holding circuit 30 is operated as described below, depending on the state of the bit 
data C2[l] of the second control signal, based on the output of the decoding circuit 20. 
[0046] When the bit data C2[l] of the second control signal is in the passive state "Lo'\ 
since the data elements at the digit positions of the zeroth to 15th bits in the intermediate 
5 data include output data to be output from the second shift circuit 50 irrespective of any 
state of the bit data C2[0] of the second control signal as described in FIG. 3, the data 
elements at the digit positions of the zeroth to 15th bits are stored and held in the 
intermediate data holding circuit 30. 

[0047] When the bit data C2[l] of the second control signal is in the active state "Hi", 
1 0 since the data elements at the digit positions of the eighth to 22nd bits in the intermediate 
data include output data to be output from the second shift circuit 50 irrespective of any 
state of the bit data C2[0] of the second control signal as described in FIG. 3, the data 
elements at the digit positions of the eighth to 22nd bits are stored and held in the 
intermediate data holding circuit 30. 
15 [0048] Thus, digit positions including at least data elements which are to be output 
data may be detected by the decoding circuit 20, the data elements at the digit positions 
including the output data may be stored and held in the intermediate data holding circuit 30, 
and sign-extended data or data in which a value 0 is buried may be partially stored in the 
intermediate data holding circuit 30. 
20 [0049] The case of FIG. 3 is most effective in terms of low power consumption. 
However, the decoding circuit 20 can be simplified by decoding a portion of the second 
control signal C2[l:0]. 

[0050] Although the arithmetic shift process is assumed as described above, the sign 
extension may be replaced with value-0 extension in the case of a logical shift process. 
25 The same is true of other shift processes. 

[005 1] As described above, in the first embodiment, by controlling the operation of the 
intermediate data holding circuit 30, an operation of storing unnecessary data elements to a 
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memory circuit constituting the intermediate data holding circuit 30 is prevented so that 
previous data elements continue to be held. Thereby, as compared to the conventional 
technology, a reduction in power consumption of the intermediate data holding circuit 30 
and a reduction in power consumption due to suppression of activation of the second shift 
5 circuit can be achieved. 

[0052] (Second embodiment) 

FIG. 5 is a schematic diagram illustrating a barrel shift device of a second 
embodiment. 

[0053] The barrel shift device of this embodiment of FIG. 5 is divided into pipeline 
10 registers and a shift process is performed in a multistage process stage as in the first 
embodiment. 

[0054] Firstly, a configuration of the barrel shift device of this embodiment will be 
described with reference to FIG. 5. Note that, in this embodiment, for the sake of 
simplicity, the barrel shift device is assumed to be capable of an arbitrary arithmetic shift 
1 5 ranging from 15 bits to the left to 16 bits to the right with respect to 16-bit data (input data 
having a predetermined bit width). In the first embodiment, the same components as 
those of the barrel shift device described with reference to FIG. 1 are indicated with the 
same reference numerals and will not be described. 

[0055] The barrel shift device of FIG. 5 is different from the barrel shift device of the 
20 first embodiment of FIG. 1 in that a control signal which is received by a decoding circuit 
60 is the first control signal, but not the second control signal, and digit positions in the 
intermediate data holding circuit 30 of input data elements shifted by the first shift circuit 
10 are detected based on the input first control signal. In the detection based on the first 
control signal, the decoding circuit 60 detects digit positions to which at least data 
25 elements of input data after a shift by the first shift circuit are output, among data to be 
output from the first shift circuit 10. Thereafter, the intermediate data holding circuit 30, 
which has received a result of the detection, holds only data elements excluding the whole 
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or a part of data elements other than the data elements of the input data, among all data 
elements constituting the intermediate data, and outputs the data elements thus held to the 
second shift circuit 50. 

[0056] Thereby, data which should be held in the intermediate data holding circuit 30 
5 can be reduced, and an unnecessary storage operation can be suppressed, thereby making it 
possible to reduce power consumption. 

[0057] Next, a specific shift process operation of the barrel shift device of this 
embodiment will be described with reference to FIG. 6. Here, as a specific example of 
the shift process, the case where an 11 -bit right-shift process is performed will be 
10 described. In FIG. 6, "0" indicates a value 0, "S" indicates sign extension, and "H" 
indicates held data. 

[0058] A first control signal CI [2:0] is 3-bit data which is composed of 1-bit data 
C1[0], Cl[l], and CI [2]. The 1-bit left-shift circuit 11, the 2-bit left-shift circuit 12, and 
the 4-bit left- shift circuit 13 constituting the first shift circuit 10 are controlled using the bit 
15 data C1[0], Cl[l], and CI [2] of the first control signal, respectively. In an 11-bit right- 
shift process, the 1-bit data CI [0] and CI [2] of the first control signal are in the active state 
"Hi" and the 1-bit data Cl[l] of the first control signal is in the passive state "Lo". The 
input data input to the first shift circuit 10 is subjected to a shift process based on the first 
control signal CI [2:0]. 

20 [0059] Initially, a 1-bit left shift process is performed in the 1-bit left-shift circuit 11, 
zeroth bit data is buried with a value 0, and the resultant data is output as 17-bit width data. 
Next, in the 2-bit left-shift process circuit 12, the data is not shifted, the data is sign- 
extended with 17th bit data and 18th bit data, and the resultant data is output as 19-bit 
width data. Further, in the 4-bit left-shift circuit 13, the data is shifted 4 bits to the left, 

25 the digit positions of the zeroth bit data, the first bit data, the second bit data, and the third 
bit data are buried with a value 0, and the resultant data is output as 23 -bit width data 
(intermediate data) to the intermediate data holding circuit 30. 
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[0060] The decoding circuit 60 detects to what digit positions of the intermediate data 
each data element of the input data is output, based on the first control signal CI [1 :0], and 
outputs a result of the detection to the intermediate data holding circuit 30. In the 1 1-bit 
right-shift process, the bit data C1[0] and CI [2] of the first control signal is in the active 
5 state "Hi" , and the bit data Cl[l] of the first control signal is in the passive state "Lo", so 
that, in the first shift circuit 10, a 5-bit left-shift process is performed, and therefore, the 
data elements at the digit positions of the fifth to 20th bits of the intermediate data are data 
elements of the input data. 

[0061] Based on the output of the decoding circuit 60, the intermediate data holding 

1 0 circuit 30 stores and holds the data elements at the digit positions of the fifth to 20th bits of 
the intermediate data, and continues to hold previous data elements regarding data 
elements at the digit positions of the zeroth to fourth bits and 21st and 22nd bits. 
Thereafter, at the stage of outputting to the second shift circuit 50, data elements having a 
value 0 are output with respect to the digit positions of the zeroth to fourth bits, and the 

1 5 stored and held data elements are output with respect to the digit positions of the fifth to 
20th bits, and sign extension is performed with respect to the 21st and 22nd bits. Thus, in 
this embodiment, the case of arithmetic shift calculation is described, and therefore, the 
sign of the input data is output to digit positions upper than the held data, and data 
elements having a value 0 are output to digit positions lower than the held data. 

20 [0062] The control signal holding circuit 40 holds and outputs the second control 
signal C2[l:0] to the second shift circuit 50. The 8-bit left-shift circuit 51 and the 16-bit 
right-shift circuit 52 constituting the second shift circuit 50 are controlled using the bit data 
C2[0] and C2[l] of the second control signal which have been held and output by the 
control signal holding circuit 40, respectively. Hereinafter, for the sake of simplicity, a 

25 signal after being held by the control signal holding circuit 40 is also represented by a 
second control signal C2[l:0]. In the 11 -bit right-shift process, the bit data C2[l] of the 
second control signal is in the active state "Hi", and the bit data C2[0] of the second 
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control signal is in the passive state "Lo". The output of the intermediate data holding 
circuit 30 input to the second shift circuit 50 is shifted based on the second control signal 
C2[l:0]. 

[0063] Initially, in the 8-bit left-shift process circuit 51, the data is not subjected to a 
5 shift process, the data is sign-extended with 23rd to 30th bits, and the resultant data is 
output as 31 -bit width data. Next, in the 16-bit right-shift circuit 52, the data is shifted 16 
bits to the right, the data is sign-extended with a 1 5th bit, and the resultant data is output as 
16-bit width data. 

[0064] FIG. 7 is a diagram for explaining an operation of the intermediate data holding 
10 circuit 30. The intermediate data holding circuit 30 is operated as described below, 
depending on the state of the first control signal CI [2:0], based on the output of the 
decoding circuit 20. 

[0065] When all of the bit data CI [0], CI [1], and CI [2] of the first control signal are 
in the passive state "Lo", the data elements at the digit positions of the zeroth to 1 5th bits 

15 of the input data are output without a change as 16-bit intermediate data from the first shift 
circuit 10. Therefore, the data elements at the digit positions of the zeroth to 15th bits of 
the intermediate data are stored and held in the intermediate data holding circuit 30. 
[0066] When the bit data CI [0] of the first control signal is in the active state "Hi" and 
the bit data CI [1] and CI [2] of the first control signal are in the passive state "Lo", a 1-bit 

20 left shift is performed by the 1-bit left-shift process circuit 11, and a shift process is not 
performed (i.e., no change is made) in the 2-bit left-shift process circuit 12 and the 4-bit 
left-shift process circuit 13. Thus, in the first shift circuit 10, a 1-bit left shift is 
performed, so that, as intermediate data, data elements at the digit positions of the first to 
16th bits which are digit positions to which input data is output, are stored and held in the 

25 intermediate data holding circuit 30. 

[0067] When the bit data CI [1] of the first control signal is in the active state "Hi" and 
the bit data CI [0] and CI [2] of the first control signal are in the passive state "Lo", a 2-bit 
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left shift is performed by the 2-bit left-shift process circuit 12, and a shift process is not 
performed (i.e., no change is made) in the 1-bit left-shift process circuit 11 and the 4-bit 
left-shift process circuit 13. Thus, in the first shift circuit 10, a 2-bit left shift is 
performed, so that, as intermediate data, data elements at the digit positions of the second 
5 to 1 7th bits which are digit positions to which input data is output, are stored and held in 
the intermediate data holding circuit 30. 

[0068] When the bit data CI [0] and CI [1] of the first control signal are in the active 
state "Hi" and the bit data CI [2] of the first control signal is in the passive state "Lo", a 1- 
bit left shift is performed by the 1-bit left-shift process circuit 11, a 2-bit left shift is 

1 0 performed by the 2-bit left-shift process circuit 12, and a shift process is not performed (i.e., 
no change is made) in the 4-bit left- shift process circuit 13. Thus, in the first shift circuit 
10, a 3 -bit left shift is performed, so that, as intermediate data, data elements at the digit 
positions of the third to 1 8th bits which are digit positions from which input data is output, 
are stored and held in the intermediate data holding circuit 30. 

1 5 [0069] When the bit data CI [2] of the first control signal is in the active state "Hi" and 
the bit data C1[0] and CI [1] of the first control signal are in the passive state "Lo", a 4-bit 
left shift is performed by the 4-bit left-shift process circuit 13, and a shift process is not 
performed (i.e., no change is made) in the 1-bit left-shift process circuit 11 and the 2-bit 
left-shift process circuit 12. Thus, in the first shift circuit 10, a 4-bit left shift is 

20 performed, so that, as intermediate data, data elements at the digit positions of the fourth to 
19th bits which are digit positions from which input data is output, are stored and held in 
the intermediate data holding circuit 30. 

[0070] When the bit data C1[0] and CI [2] of the first control signal are in the active 
state "Hi" and the bit data Cl[l] of the first control signal is in the passive state "Lo", a 1- 
25 bit left shift is performed by the 1-bit left-shift process circuit 11, a 4-bit left shift is 
performed by the 4-bit left-shift process circuit 13, and a shift process is not performed (i.e., 
no change is made) in the 2-bit left-shift process circuit 12. Thus, in the first shift circuit 



20 

10, a 5-bit left shift is performed, so that, as intermediate data, data elements at the digit 
positions of the fifth to 20th bits which are digit positions from which input data is output, 
are stored and held in the intermediate data holding circuit 30. 

[0071] When the bit data CI [1] and CI [2] of the first control signal are in the active 
5 state "Hi" and the bit data CI [0] of the first control signal is in the passive state "Lo", a 2- 
bit left shift is performed by the 2-bit left-shift process circuit 11, a 4-bit left shift is 
performed by the 4-bit left-shift process circuit 13, and a shift process is not performed (i.e., 
no change is made) in the 1-bit left-shift process circuit 12. Thus, in the first shift circuit 
10, a 6-bit left shift is performed, so that, as intermediate data, data elements at the digit 
1 0 positions of the sixth to 21st bits which are digit positions from which input data is output, 
are stored and held in the intermediate data holding circuit 30. 

[0072] When all the bit data C1[0], Cl[l], and CI [2] of the first control signal are in 
the active state "Hi", a 7-bit left shift is performed by the 1-bit left-shift process circuit 11, 
the 2-bit left-shift process circuit 12, and the 4-bit left-shift process circuit 13 (i.e., the first 
1 5 shift circuit 10), so that, as intermediate data, data elements at the digit positions of the 
seventh to 22nd bits which are digit positions from which input data is output, are stored 
and held in the intermediate data holding circuit 30. 

[0073] Thus, among all of the data elements constituting the intermediate data, only 
the data elements of the input data are newly stored and held in the intermediate data 

20 holding circuit 30. 

[0074] FIG. 8 is a diagram for explaining an operation of the intermediate data holding 
circuit. The decoding circuit 60 may decode a portion of the first control signal CI [2:0]. 
Here, the first control signal CI [2:1] is decoded and the resultant signal is output to the 
intermediate data holding circuit 30. The intermediate data holding circuit 30 is operated 

25 as described below, depending on the state of the first control signal CI [1:0], based on the 
output of the decoding circuit 60. 

[0075] When both the bit data CI [1] and CI [2] of the first control signal are in the 
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passive state "Lo", since the data elements at the digit positions of the zeroth to 16th bits in 
the intermediate data include the data elements of the intermediate data irrespective of any 
state of the bit data C1[0] of the first control signal as described in FIG. 7, the data 
elements at the digit positions of the zeroth to 16th bits are stored and held in the 
5 intermediate data holding circuit 30. 

[0076] When the bit data Cl[l] of the first control signal is in the active state "Hi" and 
the bit data CI [2] of the first control signal is in the passive state "Lo", since the data 
elements at the digit positions of the second to 1 8th bits in the intermediate data include the 
data elements of the intermediate data irrespective of any state of the bit data C1[0] of the 

1 0 first control signal as described in FIG. 7, the data elements at the digit positions of the 
second to 18th bits are stored and held in the intermediate data holding circuit 30. 
[0077] When the bit data CI [2] of the first control signal is in the active state "Hi" and 
the bit data Cl[l] of the first control signal is in the passive state "Lo", since the data 
elements at the digit positions of the fourth to 20th bits in the intermediate data include the 

1 5 data elements of the intermediate data irrespective of any state of the bit data CI [0] of the 
first control signal as described in FIG. 7 5 the data elements at the digit positions of the 
fourth to 20th bits are stored and held in the intermediate data holding circuit 30. 
[0078] When both the bit data Cl[l] and CI [2] of the first control signal are in the 
active state "Hi", since the data elements at the digit positions of the sixth to 22nd bits in 

20 the intermediate data include the data elements of the intermediate data irrespective of any 
state of the bit data C1[0] of the first control signal as described in FIG. 7, the data 
elements at the digit positions of the sixth to 22nd bits are stored and held in the 
intermediate data holding circuit 30. 

[0079] Thus, at least data elements included in the input data are stored and held in the 
25 intermediate data holding circuit 30, and sign-extended data or data in which a value 0 is 
buried may be partially stored. 

[0080] FIG. 9 is a diagram for explaining an operation of the intermediate data holding 
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circuit. The decoding circuit 60 may decode a portion of the first control signal CI [2:0]. 
Here, the bit data CI [2] of the first control signal, which has a size of one bit smaller than 
the case of FIG. 8, is output without a change to the intermediate data holding circuit 30. 
The intermediate data holding circuit 30 is operated as described below, depending on the 
5 state of the bit data CI [2] of the first control signal, based on the output of the decoding 
circuit 60. 

[0081] When the bit data CI [2] of the first control signal is in the passive state "Lo", 
since the data elements at the digit positions of the zeroth to 1 8th bits in the intermediate 
data include the data elements of the intermediate data irrespective of any state of the bit 
10 data C1[0] and Cl[l] of the first control signal as described in FIG. 7, the data elements at 
the digit positions of the zeroth to 18th bits are stored and held in the intermediate data 
holding circuit 30. 

[0082] When the bit data CI [2] of the first control signal is in the active state "Hi", 
since the data elements at the digit positions of the fourth to 22nd bits in the intermediate 
1 5 data include the data elements of the intermediate data irrespective of any state of the bit 
data C1[0] and Cl[l] of the first control signal as described in FIG. 7, the data elements at 
the digit positions of the fourth to 22nd bits are stored and held in the intermediate data 
holding circuit 30. 

[0083] Thus, at least data elements included in the input data are stored and held in the 
20 intermediate data holding circuit 30, and sign-extended data or data in which a value 0 is 
buried may be partially stored. 

[0084] The case of FIG. 7 is most effective in terms of low power consumption. 
However, the decoding circuit 60 can be simplified by decoding a portion of the first 
control signal CI [2:0]. 

25 [0085] Although the arithmetic shift process is assumed as described above, the sign 
extension may be replaced with value-0 extension in the case of a logical shift process. 
The same is true of other shift processes. 
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[0086] As described above, in the second embodiment, by controlling the operation of 
the intermediate data holding circuit 30, an operation of storing unnecessary data to a 
memory circuit constituting the intermediate data holding circuit 30 is prevented, thereby 
making it possible to reduce power consumption of the intermediate data holding circuit 30 
as compared to the conventional technology. 



INDUSTRIAL APPLICABILITY 

[0087] The barrel shift device of the present invention controls an operation of an 
intermediate data holding circuit inserted between shift circuits in accordance with a 
pipeline structure to suppress an operation of storing and holding unnecessary data 
elements which are not included in output data, thereby making it possible to reduce the 
power consumption of the barrel shift device. Therefore, the barrel shift device of the 
present invention is useful as, for example, a component of a semiconductor device which 
performs right and left shift processes with respect to multi-bit data in a digital signal 
process. 



